IHOPOPMAULUIVNHO-KEPYIOVYI

CMCTEMWU HA BANISBHMUNYHOMY TPAHCIMNOOPTI

MaTeMaTu4Hi  METOJAM  aHalidy Ta  MOJEIIOBAHHS
OpraHizaiiiHO-yIPaBIiHCHKUX MpOOJIeM 1 MaTh 4iTKe
YSIBJICHHS! 1IPO 3HAYEHHS [[MX METOIB Yy BUPOOHMUIN cdepi
JUSUTBHOCTI M ANPUEMCTRA.

[IpobseMy yrpaBiiHHS BHPOOHHUYUM MPOLECOM Yy
caMoMy 3arajbHOMY BHJII MOXKHa CQOPMYIIIOBATH B TaKHii
crocid: ympaBiliHHA BHUPOOHWYHMM IPOLIECOM MOJISITae B
MIaHYBaHHI # KOHTPOIII CTOCOBHO JI0 BX1JIHUX, HPOMIXKHUX
1 BUXIJIHUX [OTOKIB MEBHHX MAaTepiallbHUX KOMIIOHEHTIB
Ha TIJNPUEMCTBI 3 METOI OJCpPKaHHS ONTUMAIbHOTO
npuOyTKy B MeXax MOMXJIMBOCTEH 1 BIJMOBITHO [0
3arajlbHUX TCHJICHII PO3BUTKY MiIPHEMCTBA.

TakuM YHHOM, JUIi aBTOMATH30BAHOT'O YIPaBIIiHHS
BUpOOHNYMM TporiecoM B ymoBax Y motpiben cnoci0,
32 JIONOMOI'OI0 SIKOTO MOXKHa Oysno O ofepxyBaTH
Oc3TepepBHi OIIHKU SIKOCTI Ta €(EKTUBHOCTI TCXHIYHOTO
00CITyroByBaHHsI IPUCTPOIB, (DIHAHCOBUX MOKIMBOCTEH,
pecypciB pobodoi cwnmm ¥ T.0. Lli OwWiHKKM MOBHHHI
BPaxOBYBaTH HeE TUIBKY IIOTOYHI 3HAYEHHS 3TaJlaHUX BHILE
napameTpiB, aje i IXHI MOXKJIMBI 3MiHH B MalilOyTHHOMY.
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OIITUMI3ALIISL POBOTU
NEPEBAHTAXKYBAJIbHOI'O TEPMIHAJTY
NPUKOPJOHHOI CTAHLIII

PamioHanbHMIA ~PO3BHTOK Ta CydacHE TEXHIYHE
OCHAIIICHHS TNPHUKOPAOHHOI CTaHIil, a TaKoX 4iTKa
opratizamis il poOOTH € BaKIMBUMH YMOBaMH, SKi
3a0€3MeUYIOTh YCHIIHY B3aEMOJII0 3aTI3HUIL CYMIKHHAX
KpaiH, IO CTBOPIOE IS YKPAalHCBKUX 3aJIi3HUIB OUIBII
CTIPUATINBI YMOBH Ul 3aJyd4eHHsS JOJATKOBHX OOCSTiIB
eKCIIOPTHO-IMIOPTHUX Ta TpaH3UTHUX BaHTaxiB. Lle
OOYMOBIIIOE ~ HEOOXIJHICTh  YIOOCKOHAJICHHS  came
TIePEBaHTAKYBATLHUX TEPMIHATIB MPUKOPIOHHOI CTaHIII,
10 TO3BOJHTH MiHIMi3yBaTH yac mepebyBaHHSA BaroHiB Ha

CTaHIIIX Ta TMIOKPAIIUTH eKCIUTyaTalliiiHi TOKa3HUKU
poOOTH CTaHIIH.
EdexTuBHicTs  (QYHKIIOHYBAaHHS  MPHUKOPIOHHOI

CTaHIIi y 3HAYHIM Mipi 3aJNeXUTh BiJl paIliOHAIBHOL
opraHizamii MaHEBpOBOi poOOTH. Y 3B’S3Ky 3 THM, IO
BHUKOHAHHS MaHEBPOBHX orepartii TIOBHHHO
3a0e3mevyyBaT MiHIMaJIbHI BUTpATH Yacy Ha 3IiHCHEHHS
BCiX HEOOXiJHMX omeparii npu oOCIyroByBaHHI BaroHis,
SKi IIPUKOPJOHHA CTAaHLis HE NpHHMac Ta IOBEpTac 3a
KOpZIOH abo 3aTpuMye 3 TIEBHUX TPHYHH, TEXHOJIOTIYHA
MOJZIeNTb TTOBHHHA BPaxOBYBaTH OCOOJHMBOCTI MPOBEIECHHS
orepariiif, yMOBHM B3a€MOJii eleMeHTiB cuctemH [1].
Bupimenns  mpoOiemu  pamioHasbHOI  pobOoTH
TIPUKOPIIOHHOI MepeBaHTAKYBAJIBHOI CTaHIii, a came:
CKOPOUEHHSI IIPOCTOK) BAroHIB TMiJ] HAKOIUYEHHSM 1
nepepoOKO0,  CKOPOYEHHS  KUIBKOCTI  BAaroHiB  Tijl
COPTYBaHHAM, 3MEHIIEHHS 4Yacy JMJOCTaBKH BaHTAXiB,

3aJI0BOJIEHHS] 3pPOCTAlO4MX I10Tped BaHTAXKOBJIACHUKIB
010 3a0E3IEUCHHST HEOOXIIHOK SIKICTIO TEPEBI3HOIO
OpOLEeCy MOXJIMBO 3  BHKOPUCTAHHSIM  JIOTICTUYHOT
TEXHOJIOTIT TUITY “NPUKOPJIOHHMN cyxuli opt”’[2]. Tepmin
JIOCTaBKM JUIsi  MDKHApOJHHMX I[E€PeBE3eHb BaHTaXIB
BIUIMBA€ HAa MIXKHAPOAHMI Ol3HEC, Ha MIBHIKICTH 000POTY
Kamitaiay, TomMy B poOoTi [3] Takox 3arnporoHOBaHO
BIPOBa/DKEHHSI e()EeKTHBHUX 1 CTIHKMX JIOMICTHYHHX
TEXHOJIOTiH, $KI MOXYTh ONTHMI3yBaTH BHKOPHUCTaHHS
ICHYIOUOi TPaHCHOPTHOI 1H(PACTPYKTYPU 3aJI3HUIHOTO
TPAHCIIOPTY.

Texuomorist poOOTH MepeBaHTaXyBaJIbHUX TEPMiHAIIIB
3aJICKATh  BiJl OpraHi3amii TIJBEJCHHS BaroHiB Ha
NPUKOPJOHHY CTaHIIK, MOJABaHHA X Ha KOMIUICKC,
npuOupaHHs Ta BianpasieHHs 31 craHuii. B Oursmrocti
BUIIQ/IKIB BATOHOIIOTIK, LIO IPSIMYE HA NEPEBAHTAXYBAJIbHI
TEpMiHaJM, HAJAXOAUTh HA CTAHIIO TPYNaMH 3 KUIbKICTIO
BaroHiB 3HaYHO MEHIIOI0 32 MICTKICTh KOJIH TepMiHAIy.
[IpukopnoHHi cTaHIi{, MparHy4d BUKOPUCTATH MiCTKICTh
KONl HaWKpalluM YHHOM, BUKOHYIOTb HaKOIMHWYCHHS
BaroHiB J10 OUIBII BEIMKUX IPYyN Ta MONAIOThH iX HA KOl
MEPEBAHTAXKCHHS y MMOBHOMY CKJIaJli, KUIbKICTh BaroHIiB y
SIKOMY Hai4acTillie He BiOBIa€ MiHIMAILHIUM BUTpaTaM
HAa MaHEBpOBY po0OTYy, OOCIyroByBaHHs  3aco0iB
MexaHi3amii B Tepiox iX MPOCTOI Ta TPOCTii BaroHIB.
[omaBaHHS BaroHiB Ha IEepPEBAaHTaXKYBaJbHUHA TepMiHAI
Ma€ BHKOHYBATHCH ONTHMAIEHAMH TPYIIIAMH.

TakuM YWHOM, ONTHMalbHA TEXHOJOTiS POOOTH
MCPEBAaHTAXKYBAJIBHOIO TEPMiHATY Mae 3a0e3lnedyBaTH
HalMEHII  eKCIUTyaTalliiiHi  BUTpPAaTH, MPUCKOPEHHA
NEPepOOKH BAHTAXKIB IUIIXOM CKOPOYCHHS MPOCTOO
TPaHCIIOPTHUX 3acO0iB MiJI BAaHTR)XHUMH OIEPaIlisiMH Ta B
iX O4YiKyBaHHi, palliOHAIbHE BUKOPUCTAHHS BaHTaKHO-
PO3BaHTAXYBaJIbHUX MAIIMH Ta MEXaHi3MiB, MaKCHMAIIbHE
3aBaHTaKCHHS BITUM3HAHUX BaroHiB, BUCOKY
OpPOAYKTUBHICTH mpami. Jna dopmanizamii TexHomorii
po0OTH TepeBaHTaXKyBaJILHOTO TEpMiHANY C(OpMOBaHO
HUIbOBY (YHKIIIO SIK CyMy TPUBEICHMX BHTpaT Ha

BUKOHAaHHS omepamiii 3 (¢opMyBaHHSI ONTHUMAJIBHOI
KIJIBKOCTI BaroHiB, 1o HOIAr0THECS Ha
MepeBaHTAKYBATBPHUNA  TEpMiHAT  TPH  BUKOHAHHI

BIJIIOBITHOI CHCTEMH OOMEXKEHb.
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ENSURING OF THE TRAIN MOVEMENT
SAFETY IN THE ERTMS/ETCS

European Rail Traffic Management System (ERTMS)
was defined by the first European Commission
(2001/260/EC) decision as the combination of the
European Train Control System (ETCS) and the Global
System for Mobile Communication - Rail (GSM-R). The
ETCS as element of ERTMS provides two principal
functions: Automatic Train Protection (ATP) and Cab
Signalling. Automatic Train Protection is the system that
automatically applies the train brakes if a driver does not
keep the train’s speed below the specific trackside safe
limits for the train’s current location and operating
conditions.

Cab Signalling is the system that displays information
inside a train cab about the current status of the track
ahead. To do so the ETCS onboard computer must predict
the decrease of the train speed in the future, from a
mathematical model of the train braking dynamics and of
the track characteristics ahead. This prediction of the speed
decrease versus distance is called a braking curve.

The ETCS on-board computer calculates in real time
braking distances, which will also be used to assist the
driver and to allow him to drive comfortably, by
maintaining the speed of the train within the appropriate
limits.

ETCS is based on an a set of braking curves, computed
in real time and depending on different physical
parameters (estimated speed of the train, track profile, train
acceleration, etc.).

Today the ETCS specifications lay down the basic
principles for the braking curves and the associated
information displayed to the driver, but there is still no
harmonized method to compute them. In the absence of
any requirement, the algorithms of the ETCS on-board
suppliers lead to different braking distances for a given
type of rolling stock. This makes the engineering of the
ETCS trackside not only dependent on the pure
performance of the rolling stock braking system, but also
on the ETCS on-board supplier. For cross border trains, the
differences  through national rules require the
implementation in the ETCS on-board of several national
braking curves. It can obviously induce increased costs
(software design, cross acceptance tests, software upgrade
necessary whenever a national parameter is amended).

The purpose of this article is to present an overview of
the ETCS braking curves according to the European
specifications, including the following main aspects: basic
principle to ensure of the train movement safety, the main
types of ETCS braking curves, the input parameters for

braking curve calculation, construction of the emergency
brake deceleration, and guaranteed emergency brake
deceleration.

There have been considered in the work the main
ETCS braking curves and the supervision limits of the
EBD braking curves, the movement authority, the end of
authority, the most restrictive speed profile, the supervised
location and others.
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DISTRIBUTION OF THE TRACTION
CURRENT HARMONICS IN RAILS

To ensure the electromagnetic compatibility (EMC) of
new types of rolling stock with signaling and radio
communication systems, they are subjected to an
acceptance procedure that includes the EMC tests in
accordance with European and national regulatory
standards and norms.

The aim of the work is to establish mathematical and
computer model for distribution of traction current
harmonics in AC direct feeding traction network with
multiple vehicles in feeder zone. This model is an
evolution and simplification of models represented earlier
[1]. The results of the work have been used during tests of
new types of trains [2].

A mathematical and computer model of traction
current harmonic distribution in traction network with
multiple vehicles in feeder zone has been established. The
traction network was represented as series-connected
multipoles, corresponded to longitudinally uniform
network arcas which are modeled with MTL equations.
The model has been simplified as follows. The lines with
equal or close to each other potentials are represented as a
single line with equivalent electrical parameters. The
disturbing vehicles are modeled as sinusoidal current
sources with several set of frequencies that are represented
by current vector. Only return current harmonics with
frequencies that lie in frequency range of track circuit
receiver were considered.

The distribution of the traction return current
harmonics was computed for direct feeding traction
network 1x25 kV AC electric railway system with twoside
ESS and with 1 to 5 vehicles in feeder zone.

The maximum interference from trains is in the areas
nearest to trains and near the point of connection of return
feeder to rails (at ESS terminals). The traction harmonic
current in rails are increased with increasing of train
number in feeder zone and with decreasing of the rail-to-
earth conductivity. The interference at 25 Hz in the rails
area near the ESS for one locomotive in feeder zone don’t
exceed a limit value of 1 A even in unfavorable operation
conditions for the rail-to-earth conductivity equal 0.02
Sm/km. If number of trains are increased (from 1 to 5) the
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